V 



This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



• BLACK BORDERS ^ 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 




As rescanning documents will not correct images, 
please do not report the images to the 
Problem Image Mailbox. 



per 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 4 
A61L 27/00, A61F 2/02 



Al 



(11) International Publication Number: WO 85/ 03445 

(43) International Publication Date: 15 August 1985 (15.08.85) 



(21) International Application Number: PCT/SE85/00018 

(22) International Filing Date: 17 January 1985 (17.01,85) 

(31) Priority Application Number: 8400567-7 

(32) Priority Date: 3 February 1984 (03.02.84) 

(33) Priority Country: SE 



(71) Applicant (for all designated States except US): MED- 

INVENT S.A. [CH/CH]; Case postale 549, CH-1001 
Lausanne (CH). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only) : GOGOLEWSKI, Syl- 
wester [PL/CH]; Chemin de Jouxtens 27, CH-1020 
Renens (CH). 

(74) Agents: BURMAN, Tore et al.; Bergling & Sundbergh 
AB, Box 7645, S-103 94 Stockholm (SE). 



(81) Designated States: AT (European patent), AU, BE (Eu- 
ropean patent), CH (European patent), DE (Euro- 
pean patent), DK, FI, FR (European patent), GB 
(European patent), JP, LU (European patent), NL 
(European patent), SE (European patent), US. 



Published 

With international search report. 



(54) Title: A MULTILAYERED PROSTHESIS MATERIAL AND A METHOD OF PRODUCING SAME 



(57) Abstract 

A method of producing a multilayered prosthesis 
material for use with a living body, said material show- 
ing mechanical compliance vis-a-vis soft body tissue and 
possessing biocompatibility, said method comprising the 
steps: (a) preparing a copolymer solution using a sol- 
vent; (b) coating a substrate with a uniform thickness of 
said solution; (c) precipitating the initial coating result- 
ing from step (b) to form a physically stable structure 
having pores substantially uniformly distributed therein 
by treating the coating with a precipitating solution 
which is miscible in said solvent but functioning as a 
precipitating non-solvent with respect to the copolymer 
and then repeating steps (a)-(c), as required to form the 
multilayered material, characterized by preparing in step 
(a) a solution containing less than 5% by weight of po- 
lymer; and a multilayered prosthesis material possessing 
biocompatibility and showing mechanical compliance 
vis-a-vis soft body tissue, comprising several porous lay- 
ers of block copolyurethane interconnected by linking fi- 
bres integral with the respective adjacent layers. 
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TITLE OF INVENTION: 

A Multilayered Prosthesis Material and a Method of 
Producing same. 

The present ^invention relates to the provision of a 
multilayered prosthesis material for use with a living 
body, the material produced showing mechanical compliance 
vis-a-vis soft body tissue and, furthermore, possessing 
biocompatibility. The invention also covers a method for 
the manufacture of such material. 

In using synthetic polymers as replacement 
material for various types of human tissue it is not only 
the biocompatibility properties of the polymer which is 
of critical importance to the performance of the material 
when used with a living body. In addition to bio- 
compatibility and blood compatibility the mechanical 
compliance and porosity features are of basic importance. 
The available materials are not satisfactory in this 
respect. In other words, due to mechanical factors the 
applied material does not possess a mechanical per- 
formance which is in line with that of the surrounding 
natural tissue. 

Accordingly, it is an object of the present inven- 
tion to provide a prosthesis material of a synthetic 
nature showing mechanical compliance vis-a-vis soft body 
tissue at the same time possessing biocompatibility or 
blood compatibility. 

Another object of the invention is to provide a 
multilayered prosthesis material for such use, which 
shows the desirable porosity in combination with 
mechanical resistance and compliance. 

Yet another object of the invention is to provide a 
method for producing such prosthesis material, the method 
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comprising a new feature of using a solvent of a 
special nature. 

In connection with extensive research and experi- 
mentation it has been found that a multilayered 
5 prosthesis material can be prepared starting from a 

solution of a copolymer in a suitable solvent and coating 
a substrate with a uniform thickness of such solution. 
It is known from U.S. patent 4,173*689 to manufacture a 
replacement material by precipitating a polymer in a 
10 concentration of the polymer in solvent between 5-12 % 
by weight. However, at this concentration the viscosity 
of the polymer solution is relatively high resulting in 
thick layers of polymer solution when coating a substrate 
e.g. a mandrel by dipping. Therefore only one or few 
15 coating-precipitating steps are needed to produce a 

prosthesis wall, such as a graft, of the desired thickness. 

Even if the products made according to said U.S. 
patent have a better compliance than for instance other 
synthetic materials used as prosthesis in tissue 
20 replacement, they have a spongy texture (column 3, 

line 29) not giving satisfactory tissue compatibility. At 
the high concentration of polymer used in this prior art 
many of the pores in the polymer matrix are furthermore 
not interconnected. Another disadvantage of this known 
25 technique when preparing a multilayered product is the 

fact that delamination of the layers after implantation may 
occur.- due to lacking interconnection between same. 

According to the present invention it has been 
surprisingly found that by using a polymer solution 
30 containing less than 5 % by weight of polymer a polymer 
layer when precipitated will be obtained which has a 
fibre-like structure the pores of which are interconnect- 
ed. The precipitat d fibrelike mat rial consists of 
fibres of different thickness from tiny fibres to 
35 relatively thick ones. Each precipitated layer is very 

% 
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thin and has a thickness of for example about 0.01-0.5 
mm and therefore usually up to about 100 and even more 
layers may be applied in subsequent operations to produce 
a multilayered prosthesis material of the required mechan- 
5 ical strength. Due to the fiberlilce porous structure the 

prosthesis wall is strong, highly compliant and mechanical- 
ly compatible with the tissue to be replaced. 

It is preferred to use an even more dilute polymer 
solution such as less than about 3 % "by weight, and 

10 particularly less than about 2 # by weight of polymer. 
In some cases even concentrations as low as about 1 # 
and less may be useful. 

After coating the substrate with the polymer 
solution the coating applied is precipitated by treatment 

15 with a precipitating solution which is miscible in the 
solvent but functions as a precipitating non-solvent 
with respect to the polymer. This is then repeated as 
desired to form a multilayered product. 

It has been found that the pore size is very much 

20 dependent on the concentration of the polymer solution. 

An example of relationship between pore size and polymer 
concentration for a specific copolyur ethane is given 
below. 

Concentration Average pore size, 

25 # by weight micron 

0.20 300-500 

1.00 100-300 

1.25 50-150 
1.45 35- 60 

30 2.00 30- 50 

4.00 5- 15 

By using the multilayer precipitating technique 
according to the invention and described above, it is 
possible to produce a multilayer prosthesis wall for 
35 tissue replacement with different pore size in the 
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different layers. For example in a vascular prosthesis 
it is possible to produce the inner layers e.g. the 
layers of the lumen of the prosthesis with a relatively 
small pore size (5-10 microns) to ensure endothelization 
5 but the center and the outer layers with a relatively 

large pore size (30-100 microns) to ensure a good tissue 
ingrowth. 

In some cases using the multilayered product 
delamination upon implantation may occur. According to 
10 another aspect of this invention such possible problem 
can be eliminated in the following manner. 

The initial coating resulting from applying polymer 
solution on the substrate is precipitated by treating the 
-coating to displace solvent present in the coating with a 
15 precipitating solution which comprises, as a major 

constituent, -a fluid which is miscible with said solvent 
but functions as a precipitating non-solvent with 
respect to the polymer, and further comprising, as a 
minor constituent, a solvent for the polyure thane. This 
20 procedure is then repeated the desired number of times, 
to form a multilayered material. 

It has been found that if some solvent is left in 
the precipitated polymer layer repeating the procedure to 
form another layer or coating results in the formation of 
25 new fibres which form a mechanically strong linkage 

between the first layer and the subsequent layer. This 
will prevent progressive delamination of the graft wall 
when implanted in a living body. Such delamination is a 
disadvantage associated with the conventional art and 
30 generally results in the formation of extensive aneurisms 
upon implantation. 

This strong linkage between the layer may be 
accomplished either by using a mixed solvent-non-solvent 
as outlined or by interrupting the treatment with 
35 precipitating solution to leave some solvent in the 
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coating when applying the subsequent layer. 

Although the invention is not limited to any 
specific theory or mechanism, there are different factors 
which might explain how the very strong linkage is 
achieved. It has thus been observed that there are many 
fibres in the boundary of two subsequent layers, which 
seem to be interlocked probably due to the fact that many 
tiny fibres in the outer surface of the first layer 
are partly dissolved in the highly diluted solvent 
contained in the non-sdvent/solvent precipitation liquid 
system. As soon as the new fibres are precipitated in the 
subsequent precipitation step, also the partly dissolved 
fibres produced in the preceding step are reformed, thus 
giving an interlocking effect of the two subsequent 
layers. There are also fibres precipitated in the second 
subsequent layer, which are trapped in the pores of the 
first layer. At last there may also be a kind of gluing 
effect between fibres in the outer surface of the first 
layer and the inner surface of the second layer. This 
results from the presence of small amounts of solvent 
left in the precipitated polymer. 

In the method of the present invention the polymer 
used for preparing the solution for coating the substrate 
can be any polymer useful in the context, but it is 
preferred to use a copolyurethane, particularly a block 
copolyurethane. In coating the substrate there is used a 
solution containing less than 5 % by weight of polymer. 
The lower limit is not critical and may be less than 1 % 
by weight. A particularly preferred range is about 1 to 3# 

The technique of this invention permits easy 
production of multilayered products with different average 
pore sizes of the individual layers. This is done by 
varying the concentration of polymer in the casting 
solution, i.e. the solution to be applied onto the 
substrate. This is useful for example for the 
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preparation of a vascular prosthesis, where it is 
desired to have the lumen face of prosthesis with a much 
lower pore size, such as within the range about 5 to 15 pu 
This is to facilitate epithelization after implantation. 
5 On the other hand it is desired that the remaining part of 
the prosthesis wall has larger pores to allow faster 
tissue ingrowth. 

As a solvent there may be used any solvent having 
the ability to dissolve the polymer used, but preferred 
10 solvents are those selected from the group consisting of 
tetrahydrofurane, amide solvents and sulfoxide solvents. 
Among such solvents there may be mentioned in addition to 
tetrahydrofurane (THP) dimethylacetamide (DMAc), dimethyl- 
formamide (DMF) and dime thylsulf oxide. Particularly 
15 preferred is a mixed solvent of THF and DMF. 

As a non-solvent there may be used any fluid having 
the capacity to precipitate the polymer. A preferred 
solvent is water but also lower alkanols, such ethanol, 
may be used, optionally in combination with water. 
20 As previously indicated segmented aliphatic poly- 

urethanes or segmented aromatic polyurethanes may be used 
in applying the technique of this invention. In order to 
obtain materials which are non-toxic, non-mutagenic and 
non- carcinogenic it is preferred to use segmented 
25 aliphatic polyurethanes or using another expression 
aliphatic block copolymers. 

The polymeric material for use in the invention 
may be conventionally prepared from aliphatic ~ polyurethanes 
based on diisocyanates, e.g. 1,2-diisocyanatoe thane, 
30 l r 5-diisocyanato pentane, hexamethylene diisocyanate, 
methane diisocyanato pentane, 1,9-diisocyanato nonane, 
1,8-diisocyanato octane, 1,4-diisocyanato butane, 
4,4'-methylenebiscyclohexyl diisocyanate, lysine diiso- 
cyanate, 1,4-transcyclohexane diisocyanate, dimethyl- 
35 diisocyanato silane, diethyl diisocyanato silane. In 
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addition to such diisocyanates there may be used polyols 
having average moleeular weight within the range of 
500 to 10000, e.g. poly(ethylene adipate), poly(tetra- 
methylene adipate), poly(l,4-cyclohexyldimethylene 
adipate), poly(hexamethylene oxalate), poly(hexamethylene 
glutarate), poly(E-aprolactone), poly( tetramethylene 
oxide), poly(ethylene oxide), poly(l,2-propylene oxide). 
Chain extenders e.g. 1,4-butandiol, 2,4,6-tris(dimethyl- 
aminomethyl)phenol, glycerol, 5,6-dioxaoctane 1-8-diol, 
ethylene ;diol, diethylene diol, tetramethylene diamine, 
ethylene diamine, hexamethylene diamine, propylene diamine. 

The copolyur ethanes are conventionally formed by 
e.g. reacting a prepolymer such as a polyether diol, 
with a diisocyanate, and the product resulting from such 
reaction may then be chain extended by reacting with a 
diol or diamine. By such polymerization process copolymers 
may be produced having preferred molecular weights and 
preferred viscosity in solution. By varying the. molecular 
weight and thus the viscosity of the polymer in solution 
the rate of degradation and porosity of the material 
prepared may be controlled. 

The selected polymer material is dissolved in a 
suitable solvent of the type indicated above and the 
proportions between polymer and solvent are suitably 
selected so as to give a percentage of solids in the 
resulting solution of less than 5 % by weight. The coating 
solution is then used to coat a substrate to form an 
initial coating of uniform thickness. As a substrate 
there may be used any mechanical means of suitable type, 
such as a metal plate or a metal mandrel, preferably 
coated with a resistant plastic, such as polytetrafluoro 
ethylene. The coating can be provided by spraying, 
immersion or dipping or in some other conventional manner. 

The multilayered prosthesis material of the present 
invention can be used in a multitude of medicinal 
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applications. Thus, it can be used as a vascular graft, 
as a skin graft or as a wound dressing. Moreover, it can 
be used as elastic membranes for ear drum replacement, 
as elements for orthopedic surgery and as anticoagulant 
5 tubing for blood transfusion. 

The invention will now be further described by 
specific examples which, however, must not be construed 
to limit the scope of the invention. In this connection 
reference is also made to the appended drawing, wherein 
10 there is shown a casting device for the preparation of 
a multilayered material in accordance with the present 
invention. 

The casting device shown in the drawing includes 
a frame carrying a rotary cylinder A. The cylinder may be 

15 of sintered glass or its surface may be covered with 

polytetrafluoroethylene, viz. "FLUON", manufactured by 
ICI Limited, England. Cylinder A is arranged to be driven 
by an electric motor C through gears and a gesvr shaft B. 
The rotational speed of cylinder A can be easily adjusted 

20 for controlling the coating formed on the cylinder. The 
level of polymer solution is indicated at D. 
Example I . 

General Production Procedure . 

Using the casting device shown in the drawing the 

25 cylinder A is dip-coated at room temperature with a 

polymer solution, the polymer coating applied being then 
precipitated with a non-solvent possibly containing a 
minor amount of solvent. After the first layer of polymer 
is precipitated this procedure is repeated for the desired 

50 number of cycles to prepare superimposed layers of polymer 
coatings on the cylinder to produce a multilayered 
prosthesis material of the required mechanical strength 
and thickness. After the deposition of the desired number 
of layers on cylinder A the material produced is soaked 

35 in deionized water to remove all residual solvents and 
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non-solvents, and the material may then be washed with 
ethanol and dried on the cylinder at for example JO°C in 

a vacuum oven. 

The average thickness of the individual polymer layer 
5 is in the range of about 0.01 to 0.2 mm, and the average 
pore size in the material prepared is in the range about 
1 to 500 jum. For example, using a concentration of polyure- 
thane of about 2 % by weight an average pore size will be 
obtained lying within the range of about 30 to 50 pm. 
10 in using the technique of this invention it is pre- 

\ f erred that some solvent is always left in the precipitated 
polymer coating at the moment when the subsequent polymer 
coating is deposited on the underlying one. 

In practical use the product or material of this in- 
15 vention may, of course, include reinforcing materials, such 
as materials in porous, woven or pleated form. Such rein- 
forcing material may be degradable or non-degradable . 

It is to be noted that the invention is .not limited 
to the casting technique described above but other methods 
20 of applying the polymer solution onto a substrate may be 
used equally well. Thus, application by spraying is also 
useful and brushing technique is also conceivable. 
Example II . 

Preparation of non-degradable ma terial for medical use.. 

2 5 Polyurethane of an average molecular weight of about 

4xl0 5 based on 4,4' -methyl ene-bis cyclohexyl diisocyanate, 
poly(tetramethylene oxide) and 1,4-butane diol is dissolved 
in tetrahydrofurane at room temperature and precipitated 
with water/ethanol (9:1 v/v) mixture. The precipitated 

30 polymer is washed with distilled water and dried under 

vacuum. The dried polymer is then dissolved in dichloro- 
methane to produce a solution having a concentration of 
polymer of about 2 % by weight. The polyurethane is pre- 
cipitat d with n-hexane and dried to constant weight. 

35 Two casting solutions are next prepared by dissolv- 

ing the purified polymer in tetrahydrofurane at room 
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temperature to form one polymer solution containing about 
2 % by weight of solids and another containing about \ %. 

Using the procedure outlined in Example I hydro- 
lytically stable vascular prostheses are prepared from 
5 the polymer solutions obtained as described above • The 
wall of the prosthesis is composed of 2 + 28 layers of 
precipitated polymer, the layers being intimately and 
permanently attached to each other through the interface 
linkages by the small amount solvent remaining in each 

10 precipitated layer of polymer* The porosity of the 

vascular prosthesis material produced lies within the 
range of about 5-15 fim for the first two layers using the 
4 % solution the remaining layers using the 2 % solution 
-lying within about -50-50 pi. When used as a vascular 

15 prosthesis the material shows good endothelization and 
tissue ingrowth. 
Example III . 

Degradable Vascular Prosthesis . 

A polyester urethane having an average molecular 

20 weight of about 9.0 x 10^ prepared from hexamethylene 

diisocyanate, poly(ethylene adipate)diol and 1,4-butane- 
diol is-dissolvedMn" a mixture: of tetrahydrofurahe,: ; 
dimethyl formamide and" dime thylacetamide (2:1:1 v/v). The 
concentration of polyurethane in the solution is 2-.5 # 

25 by weight. 

Using the procedure descrihed in Example I a 
vascular degradable prosthesis is prepared composed of 
20 layers of polymer to form a wall thickness of about 
1.5 mm and a pore size within the range of about 10-50 pn 

30 Using the material as a prosthesis for vascular 

replacement results in fast endothelization of the lumen 
and gradual substitution of the prosthesis by living 
tissue thus preventing long-term foreign body reactions. 
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Example IV . 

Degradable wound dressing . 

A casting solution is prepared from degradable 
polyesterure thane based on hexamethylene diisocyanate, 
5 poly(hexamethylene glutarate)diol and 1,4-butanediol. 
The polyurethane prepared has an average molecular 
weight of about 2 x 10^. 

Using the polyurethane a casting solution is 
formed by dissolving the polyurethane in dimethyl 
10 formamide, the concentration of polyurethane being 1.5 # 
by weight. 

The procedure of Example I is followed by using a 
casting device provided with a cylinder made of sintered 
glass. In the casting procedure the cylinder is con- 

15 tinuously flushed with deionized water. Water penetrates 

through the pores of the sintered cylinder causing uniform 
precipitation of the polymer on the surface of the 
cylinder. Five degradable layers are deposited on. the 
cylinder having an average porosity within the range 

20 35-60 um. The polymer membrane on the cylinder is then 
flushed with ethanol which is subsequently evaporated. 

Another casting solution is prepared by dissolving 
non-degradable Esthane-polyether urethane in tetrahydro- 
furane at room temperature. The concentration of polymer 

25 in the solution is adjusted at 0.9 # by weight. The 

polymer solution is stirred 1/2 hour before use, filtrated 
and stored in dark, closed bottles. 

Using this second casting solution another three 
layers of polymer are deposited on the first five layers 

30 on the cylinder, and drying these outer polymer layers 

leaves a semipermeable membrane having a porosity in the 

range of 0.5 - 1 pn« 

The whole composite polymer material deposited on 
the cylinder is finally washed with ethanol, deionized 
35 water and again with ethanol. The material is removed from 
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the cylinder, dried at 30°C under a vacuum of 20 mbar and 

placed in polyethylene bags for sterilization. This 

artificial wound dressing composed of two different 

membranes connected together is placed with the 

5 degradable face oh the wound. This degradable layer 

ensures a proper epithelization and successive tissue 

ingrowth in the dressing and is finally replaced with 

newly synthesized stable connective tissue. 

The upper layer made from non-degradable 

10 polyure thane ensures the proper fluid transport rate, 

p 

1 to 4 mg/hr/cm , and protects the wound against 
bacterial invasion. 

This layer is finally stripped off the rehealed 

wound. 

15 This artificial skin protects the wound for at 

least 20 to 60 days without rejection and without 
requiring an immune supression. 

It shows excellent adherence to the wound and high 
flexibility. 

While the invention has been described with 
reference to certain specific examples using specific 
materials, solvents etc. and a specific technique for 
applying the different layers, it is to be noted that 
the invention is in no way limited to such specific 
features since obvious variations and modifications will 
be apparent to those skilled in the art. Therefore, the 
invention is not limited otherwise than as is defined by 
the scope of the appended claims. 
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PATENT CLAIMS: 

1. A method of producing a multilayered 
prosthesis material for use with a living body, said 
material showing, mechanical compliance vis-a-vis soft 
body tissue and possessing biocompatibility, said method 
comprising the steps: 

(a) preparing a copolymer solution using a solvent; 
(t>) coating a substrate with a uniform thickness of 
said solution; 

(c) precipitating the initial coating resulting from 
step (b) to form a physically stable structure having 
pores substantially uniformly distributed therein by 
treating the coating with a precipitating solution which 
is miscible in said solvent but functioning as a preci- 
pitating non-solvent with respect to the copolymer and 
then repeating steps (a)-(c), as required to form the 
multilayered material, characterized by preparing in 
step (a) a solution containing less than 5 #'by weight 
of polymer. 

2. The method of claim 1, wherein the solution 
prepared in step (a) contains less than about 3 * by 
weight and especially less than about 2 * of polymer. 

3. The method of claim 1, wherein some solvent 
is left in each preceding layer when the subsequent 
layer is applied. 

4. The method of claim 3, wherein the precipitat- 
ing solution comprises as a major constituent a fluid 
which is miscible in said solvent but functions as a pre- 
cipitating non-solvent with respect to the polymer, and 
further comprises as a minor constituent a solvent for 
the polymer, whereby when repeating steps (a)-(c), due to 
the presence in the precipitating solution of some 
solvent, mechanical binding will be obtained between 
said initial coating and the subsequent one. 
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5. The method of claim 3, wherein the treatment 
of the coating with the precipitating solution is 
interrupted so that some solvent is left in the coating 
when the subsequent layer is applied, 

6. A method according to any preceding claim, 
characterized by using a copolyurethane in step (a). 

7. A method according to claim 6, wherein the 
polymer is a segmented copolyurethane. 

8. A method according to any preceding claim, 
wherein the solvent is selected from the group consisting 
of tetrahydrofurane, amide solvents and sulfoxide 
solvents. 

9. A method according to any preceding claim, 
wherein the non-solvent is selected from water and 
lower alkanols. 

10. The method of any preceding claim,* wherein 
by varying the concentration of polymer in the solution 
of step (a) a multilayered material is produced wherein 
the different layers have different average pore sizes. 

11. A multilayered prosthesis material possessing 
biocompatibility and showing mechanical compliance 
vis-d-vis soft body tissue, comprising several porous 
layers of block copolyurethane interconnected by linking 
fibres integral with the respective adjacent layers. 

12. The material of claim 11, wherein the 
different layers have different average pore sizes. 

13. The material of claim 11 or 12 in the form 
of a vascular graft, a skin graft or a wound dressing. 

14. The material of claim 11, 12 or 13, wherein 
the thickness of each layer is about 0.01 to 0.5 mm. 

15. The material of any of claims 11-14, 
containing up to about 100 layers. 
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16. The material of any of claims 11-15, 
wherein the pore size is within the range about 1 to 
100 pm. 

17. The material of claim 11 in the form of a 
wound dressing composed of a first degradable porous mem- 
brane facing the wound and a second non-degradable 
protective membrane allowing fluid transport and 
preventing bacterial invasion. 

18. Prosthesis material whenever prepared by the 
method of any of claims 1 to 10. 
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